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FINE TUNGSTEN CARBIDE POWDER AND 
PROCESS FOR PRODUCING THE SAME 



BACKGROUND OF THE INVENTION 
5 1 . FIELD OF THE INVENTION 

The present invention relates to a process for producing 
a fine tungsten carbide powder suited for producing a fine 
cemented carbide having a high strength, and to a high- 
ly performance fine tungsten carbide powder produced by the 
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!*']= 10 process. 
r 
W 
I 

m 
m 



2. DESCRIPTION OF RELATED ART 

It has been well known that various cutting tools and 



l\ wear-resistant tools are generally made from a tungsten 



carbide-based cemented carbide (hereinafter referred to as a 
cemented carbide) having a high strength, and that a fine 
tungsten carbide powder having an average particle size of 0.8 
urn or less is used as a raw powder in the production of these 
tools for the purpose of securing a high strength. 

As a process for producing the fine tungsten carbide 
powder, for example, various processes have been suggested, 
including processes described in U.S. Patent No. 4,008,090 and 
Japanese Unexamined Patent Application, First Publication No. 
Sho 50-92899. 

Recently, weight reduction, size reduction, and thinning 



have strongly been required in cutting tools and wear- 
resistant tools, and the shapes thereof have become 
progressively diversified and complicated. Therefore, a 
higher strength has been required for the cemented carbides 
5 which constitute these tools. 

BRIEF SUMMARY OF THE INVENTION 
To develop a cemented carbide having a higher strength 
from the above points of view, the present inventors have 
10 focused research on a fine tungsten carbide powder using a raw 
powder of a cemented carbide and have obtained the research 
results shown in the following (a) to (d) . , 

(a) The process for producing a conventional fine 
tungsten carbide powder includes, for example, a process of 
15 adding a carbon powder to a tungsten oxide powder as a raw 
powder and milling the mixed powder, followed by milling, 
reduction, and further carburization, as disclosed in U.S. 
Patent 4,008,090. In the case of milling using a ball mill, 
contamination by metal impurities such as iron, cobalt, nickel 
20 and chromium from stainless steel containers and cemented 
carbide balls cannot be avoided. As a result, it becomes 
impossible to maintain a high purity of 99.9 % or higher and 
coarse WC particles are locally produced during the reduction 
and carburization by the influence of these metal impurities 
25 (when using a powder containing the coarse WC particles as a 



raw material, a reduction in strength is likely to be caused 
by the coarse WC particles as origins of fractures) . 
Therefore, it is difficult to produce a high-performance fine 
tungsten carbide powder. 

(b) As disclosed in Japanese Unexamined Patent 
Publication, First Publication No. Sho 50-92899, there is also 
suggested a process of carburizing a precursor, which is 
obtained by drying a mixture of an ammonium paratungstate and 
a cobalt salt, with a gas to obtain a composite powder of 
tungsten carbide and cobalt. According to this process, 
cobalt is likely to cause a sintering phenomenon during the 
carburization and coarse WC particles are likely to be locally 
produced. Furthermore, very fine cobalt particles (at 
nanometer level) are dispersed in tungsten carbide particles. 
In the case in which the cemented carbide is produced by using 
the fine cobalt dispersed tungsten carbide powder, the thermal 
conductivity is reduced. When using the resulting cemented 
carbide as a cutting tool, the strength of the edge portion is 
reduced at high temperatures during the use of the tool, thus 
causing breakage and chipping. 

(c) According to a process for producing a fine tungsten 
carbide powder, which comprises mixing an agueous solution of 
ammonium tungstate as a starting material with a carbon powder 
to form a slurry, drying the slurry to form a precursor mixed 
with the carbon powder, heating the mixed precursor in an 



4 

inert gas atmosphere, thereby causing the reduction and 
carburization by means of the carbon powder in the mixed 
precursor to produce a reduction and carburization product 
composed mainly of tungsten carbide, and finally mixing the 
5 reduction and carburization product with the same carbon 

powder used in the preparation of the slurry in a proportion 
so that W:C is substantially 1:1, and subjecting the mixture 
to a carburization in a hydrogen atmosphere, it becomes 
||l possible to form a high-purity, fine and high-performance 

CP 10 tungsten carbide powder which contains less metal impurities 

and less coarse WC particles, and which also contains nitrogen 



and oxygen in trace amounts. 



(d) The cemented carbide produced by using, as a raw 
j^, powder, the fine tungsten carbide powder obtained in (c) above 

||! 15 has a higher strength as compared with a cemented carbide 
produced by using a fine tungsten carbide powder having an 
average particle size of 0.8 pm or less produced by a 
conventional process, or a composite powder of a fine tungsten 
carbide particle and cobalt having an average particle size of 
20 0.8 um or less. When used as a cutting tool and a wear- 
resistant tool, it exhibits superior performance without 
causing breakage and chipping of the edge portion. 
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The present invention has been made based on the research 
results described above and is directed to a process for 



producing a fine tungsten carbide powder, which comprises the 
steps (a) to (e) of: 

(a) mixing an aqueous ammonium tungstate solution (an 
aqueous solution of at least one of ammonium metatungstate and 
5 ammonium paratungstate, preferably in a concentration within a 
range of 20-70% by weight) preferably having a purity of at 
least 99.9% by weight, and more preferably at least 99.99% by 
weight, with a carbon powder (preferably carbon black powder) 
fcj preferably having a purity of at least 99.9% by weight, and 

§jlO more preferably at least 99.99% by weight, in a proportion 
■|j required to reduce and carburize ammonium tungstate 

fll (preferably an atomic ratio of carbon to tungsten in ammonium 

3 tungstate (C/W) in a range of 3-4) to form a slurry, 

H (b) drying the slurry at low temperature (preferably not 

3 15 more than 350°C) to prepare a precursor, 

(c) subjecting the precursor to a reduction and 
carburization for heating to a temperature, at which a 
reduction and carburization proceed (preferably within a range 
of 900-1600°C, and more preferably within a range of 1000- 

20 1200°C), in a non-oxidizing gas atmosphere (preferably in a 
mixed gas of a nitrogen gas at normal pressure and a CO gas 
produced by the reaction) to form a reduction and 
carburization product, which is substantially free of oxides, 

(d) mixing the reduction and carburization product with a 
25 carbon powder (preferably carbon black powder) preferably 



having a purity of at least 99.9% by weight, and more 
preferably at least 99.99% by weight, in a proportion required 
to carburize a W 2 C component and/or a W component in the 
reduction and carburization product into WC, and 
(e) subjecting the reduction and carburization product mixed 
with the carbon powder to a carburization for heating to a 
temperature, at which a carburization proceeds (preferably 
within a range of 900-1600°C, and more preferably within a 
range of 1000-1400 °C) , in a hydrogen atmosphere, thus 
producing a fine tungsten carbide powder having an average 
particle size of 0.8 or less, and to a high-performance 
fine tungsten carbide powder produced by the process. 

The process of the present invention can provide a high- 
purity fine tungsten carbide powder capable of producing a 
high-strength cemented carbide, and thus it contributes to an 
increase in strength of various cutting tools and wear- 
resistant tools in which the cemented carbide is widely used. 

DETAILED DESCRIPTION OF THE INVENTION 
The reason why manufacturing conditions were decided as 
described above in the process of the present invention will 
be explained. 

(a) Kind and purity of raw materials 

Ammonium tungstate includes ammonium metatungstate and 
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ammonium paratungstate . Both of these can be used as a raw 
material, but ammonium metatungstate has a higher solubility 
in water at room temperature. Therefore, when using ammonium 
paratungstate, warm water at a proper temperature is used, if 
5 necessary. To obtain high-purity WC, the purity (content of 
tungsten in the total metal component) must be controlled to 
at least 99.9% by weight, and preferably at least 99.99% by 
weight . 

H Since the carbon powder must be finely dispersed in the 

3l0 aqueous ammonium tungstate solution as much as possible, a 
i! carbon black powder is preferred to obtain a fine powder. For 

the same reason as in the case of ammonium tungstate, the 
q purity is preferably at least 99.9% by weight, and more 

ru 

preferably at least 99.99% by weight. 
'3-5 The process of the present invention does not require any 

ru 

mechanical milling step and therefore contamination by metal 
impurities from the milling step can be avoided, thus making 
it possible to produce a high-purity tungsten carbide powder. 

20 (b) Content of ammonium tungstate in aqueous solution 

Even if the content is less than 20% by weight and 
exceeds 70% by weight, it becomes difficult to obtain a slurry 
containing a carbon powder dispersed uniformly therein. 
Therefore, the content is preferably within a range of 20-70% 

25 by weight. 



(c) Content of carbon powder in slurry 

When the atomic ratio of carbon to tungsten in ammonium 
tungstate (C/W) is less than 3, oxides remain in the reduction 
5 and carburization product. When oxides exist in the reduction 
and carburization product, the oxide reacts with hydrogen in 
the atmosphere in the following step of carburizing with 
heating to form H 2 0, which promotes grain growth of the 
tungsten carbide powder. Therefore, the average particle size 

H 

C3L0 increases to produce WC particles wherein grain growth locally 

q 

occurs. On the other hand, when the content exceeds 4, the 
ffcj content of free carbon in the reduction and carburization 
product increases. Therefore, the content is preferably 

Q 

•jj within a range of 3-4. 

lis 

a 

f!J (d) Drying temperature 

The slurry is dried by a simple heating process in air, 
or by a spray-dry process. When the heating temperature 
exceeds 350°C, tungsten oxide produced by the decomposition of 
20 ammonium tungstate causes grain growth, thus making it 

difficult to form a fine reduction and carburization product. 
Therefore, the heating temperature is preferably 350°C or less 



25 



(e) Temperatures of reduction and carburization treatment and 
carburization treatment 
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When each temperature is lower than 900 °C, the reduction 
and the carburization cannot proceed sufficiently. On the 
other hand, when each temperature exceeds 1600 °C, the grain 
rapidly grows in both reactions, thus making it impossible to 
control the average particle size to 0.8 urn or less. In both 
cases, the temperature is preferably within a range of 900- 
1600°C. In consideration of the economical reduction and 
carburization time and the degree of grain growth of the 
respective reaction products, the reduction and carburization 
|^L0 temperature and the carburization temperature are more 



a 
m 



preferably within a range of 1000-1200°C and 1000-1400°C, 



m 
m 

j-af§ respectively. 



(f) Average size of WC particles 



C3L5 In general, the cemented carbide produced by using a WC 

m 

powder having a small average particle size as a raw material 
has a higher strength. Therefore, in the tungsten carbide 
powder for the objective fine alloy of the present invention, 
the average particle size of WC particles is preferably 
20 controlled to 0.8 urn or less. 

(g) Maximum size of WC particles 

Even if the cemented carbide is produced by using a fine 
tungsten carbide powder having an average particle size of 0.8 
25 urn or less as a raw material, coarse WC particles included in 
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the cemented carbide acts as the origins of fractures, thereby 
causing reduction in strength. In the desired fine alloy of 
the present invention, the maximum particle diameter of WC 
particles is preferably controlled to 1 pm. As the average 
5 particle size of the fine powder, a value converted from the 
specific surface area in accordance with the BET process or a 
value measured by SEM is preferably used. 

(h) Content of nitrogen and oxygen in WC 
QLO Regarding the WC powder produced by the process of the 

CI 

^ present invention, only a WC phase is observed by X-ray 
- 

■;% diffraction. When treated in an atmosphere containing 

m 

nitrogen at normal pressure during the reduction and 
jj=jy carburization, the resulting product contains a trace amount 

of nitrogen without being treated in nitrogen under pressure. 
f!J Also after the completion of the carburization, a trace amount 
of oxygen remains. These components inhibit sintering during 
the production of the cemented carbide and also have an 
operation of inhibiting grain growth. Therefore, the nitrogen 
20 content is preferably within a range of 0.05-0.30% by weight, 
and preferably within a range of 0.08-0.20% by weight, while 
the oxygen content is preferably within a range of 0.10-0.60% 
by weight, and more preferably from 0.10-0.35% by weight. The 
nitrogen content and the oxygen content can achieve the 
25 desired content by controlling the heating conditions of the 
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reduction and carburization and those of the carburization . 
These nitrogen and oxygen components are those which exist in 
the crystal lattice. Because of the existence of nitrogen and 
oxygen in the content within the above range, the WC powder 
5 has a lattice constant of 0.29020-0.29060 nm for the a-axis 
and that of 0.28380-0.28420 nm for the c-axis, unlike the 
standard value in accordance with Joint Committee of Powder 
Diffraction Standard (JCPDS) (25-1047). 

2 

.10 Examples 

rp 

m Using ammonium metatungstate (AMT) and ammonium 

; p 

01 paratungstate (APT) each having a purity shown in Table 1 

Q (percentages are by weight unless otherwise specified) , pure 

111 

|=«* water was added to prepare aqueous solutions each having a 

filL5 predetermined concentration within a ranqe of 20-70% by 

m 

weight. To each of these aqueous solutions of various 
concentrations, a carbon black (CB) having a purity shown in 
Table 1 was added in the proportion (atomic ratio of C to W) 
shown in Table 1, followed by mixing using a stirrer for one 

20 hour to form a slurry. Among these slurries, the slurry 

having a concentration within a range of 20-45% by weight is 
spray-dried using a spray-dryer (heating temperature set to 
300°C), while the aqueous 50-70 wt% solution was heated at low 
temperature using a hot-air (heating temperature set to 150 °C) 

25 to prepare mixed precursors of AMT or APT and the CB powder. 
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Then, the resulting mixed precursors were subjected to 
the reduction and carburization using a fixed bed furnace in a 
nitrogen gas atmosphere under 1 atmosphere pressure under the 
conditions of a predetermined temperature within a range of 
5 900-1600°C for one hour (the same conditions may be used even 
when using a horizontal type rotary furnace) . 

The qualitative analysis of the reduction and 
carburization products formed by the reduction and 
carburization was conducted by X-ray diffraction. As a 
Q10 result, it has been confirmed from the resulting composition 

a 

01 formula that all reduction and carburization products are 



III 

01 



□ 

fU 



mainly composed of WC and are substantially free of oxides. 

Subsequently, a CB powder which is the same as that added 
to the above aqueous solutions of ammonium tungstates was add 
to the above reduction and carburization products in the 
proportions shown in Table 1 (which are proportions required 
to substantially carburize W 2 C and W in the reduction and 
carburization products into WC in the composition formula and 
denotes a proportion of the content to the total amount of the 
reduction and carburization products) . After mixing using a 
stirrer, the mixture was subjected to a carburization using 
the same fixed bed furnace (a horizontal type rotary furnace 
may be used) in a hydrogen gas atmosphere under 1 atmosphere 
pressure under the conditions of a predetermined temperature 
within a range of 900-1600°C for 0.5-1 hours, thereby carrying 
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out the processes 1 to 15 of the present invention. 

With respect to the carburization products obtained by 
the processes 1 to 15 of the present invention, X-ray- 
diffraction was conducted. As a result, only diffraction 
5 lines of WC were observed. Using six diffraction lines of 
(001), (100), (110), (111), (211) and (300) among these 
diffraction lines, lattice constants of an a-axis and a c-axis 
were determined. 

The average particle size was determined by the Fischer 
Q10 Subsieve Sizer (FSSS) process and the specific surface area 

2 ' 

I3§ due to the BET process was also determined. The content of 

y| nitrogen and that of oxygen in the products were measured by 

!L using a nitrogen and oxygen analyzing apparatus manufactured 

m 

; " by the LECO Co. To eliminate an influence of adsorbed oxygen, 

M< 

;«|15 the powder was heat-treated in a hydrogen gas atmosphere at 

ii 

800 C prior to the measurement. The content of W in the total 
metal component and the content of free carbon were measured. 
As is apparent from the results shown in Table 2, all tungsten 
carbide powders thus obtained are high-purity fine tungsten 

20 carbide powders, which contain a metal component having a 

purity of at least 99.9% by weight, 0.05-0.30% by weight of 
nitrogen, 0.1-0.6% by weight of oxygen and has an average 
particle size of 0.8 urn or less and a maximum particle size of 
1 pm or less, and some tungsten carbide powder contains traces 

25 of free carbon. 
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For the purpose of examining the influence of the high- 
purity fine tungsten carbide powders obtained by the processes 
1-15 of the present invention on the strength of the cemented 
carbide, using the high-purity fine tungsten carbide powders 
5 obtained by the processes 2, 5, 8, 11 and 14 among the 
processes 1-15 of the present invention, commercially 
available fine tungsten carbide powders having an average 
particle size and a purity shown in Table 3, the chromium 
carbide (represented by Cr 3 C 2 ) powder having an average 
JlO particle size of 1.51 urn, the vanadium carbide (represented by 
EP VC) powder having an average particle size of 1.43 urn and the 

* Co powder having an average particle size of 1.35 urn, these 

yi 
m 

raw powders were charged in accordance with the formulation 

Q 

;«! shown m Table 3, wet-milled using an attritor, dried, and 

j ;:sA 15 then compacted to form a green compact having a size of 10.8 
ffj mm X 6 ram X 30 mm under a pressure of 98 MPa. The resulting 
green compact was sintered under vacuum of 13.3 Pa under the 
conditions of a temperature of 1360 °C for one hour, and was 
then subjected to an HIP (Hot Isostatic Press) in an Ar 
20 atmosphere under a pressure of 90 MPa under the conditions of 
a temperature of 1320 °C for one hour to produce cemented 
carbides 1-5 of the present invention and comparative cemented 
carbide 1-5, respectively. The strength was evaluated by 
measuring the transverse rupture strength of these cemented 
2 5 carbides. 
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As is apparent from the results shown in Table 3, all 
alloys using the high-purity fine tungsten carbide powder 
obtained by the process of the present invention have a higher 
strength than that of alloys using commercially available fine 
5 tungsten carbide powders. 

As is apparent from the results shown in Table 2 and 
Table 3, according to the processes 1-15 of the present 
invention, it is possible to produce high-purity fine tungsten 
carbide powders which have a high purity of at least 99.9% by 
£310 weight and also have an average particle size of 0.8 um or 

9 

ifl less and a maximum particle size of 1 um or less. Also the 

3 

Hif cemented carbides 1-5 of the present invention produced by 

ill 
m 

using these high-purity fine tungsten carbide powders have a 

q 

small particle size of 0.8 um or less on average particle 
1^15 size, but have a higher strength than that of comparative 

cemented carbides 1-5 produced by commercially available fine 
tungsten carbide powders containing coarse WC particles having 
a purity of 98% by weight or less or a particle size of 1 pm 
or less. 
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